In order to make clear the thermal status of gases in the force field , the heat flow in gases under the centrifugal force corresponding to 2,500g was measured . The heat flow was measured by the tem perature change in two metal blocks inlaid in plastics placed in the centrifuge separation tube.
INTRODUCTION
The thermal equilibrium state of gases in the gravitational field is usually considered to be a state without any temperature gradient (JEANS, 1925) . However, a simple speculation about the acceleration of molecules in the force field leads a thermal gradient along the force field in the equilibrium state.
In a gas, gravitational field accelerates the molecules during their flight between their col lisions with the other molecules in the gas. When we take z-axis to be the direction of gravitational field, a movement in z coordinate of a molecule (Oz) changes the kinetic energy of the molecule by mgAz, where m is the weight of molecule and g is the gravity constant.
The mean kinetic energy (Ek) of molecules in the gas may have dependence on z as, dEk dz mg.
On the basis of perature and the ules in the gas Ek = 2 kT the relation between mean kinetic energy the t of mol equation (1) gives the expected thermal gradient in the direction of gravitational field.
= nk mg (3)
where T is temperature of the gas, k is Boltzmann's constant and n is degree of freedom of the molecule in the gas. On the basis of the relation between the ratio of heat capacities of gas y, and the number of degree of freedom n, the equation (3) can be written as, T dz = (y 1)V g
where M is the molecular weight of the gas, R is the gas constant, and y is cp/cv.
The adiabatic expansion of gases in connec tion with the movement of the gases to the place of higher gravitational potential lowers the (l) temperature of the gases as has been used for the explanation of the general temperature em decrease in the atmosphere at high altitude. The eo variation of temperature by the adiabatic expan sion and compression is different from equa tion (4) only by the factor y. Namely, the (2) highest temperature gradient produced by adia batic expansion and compression in the atmo sphere is (y 1)Mg/Ry. In contrast to this mechanism of thermal gradient in the atmo sphere, equation (4) gives the thermal gradient which is realized without any movement of gases. Equation (4) gives the thermal gradient in the equilibrium state. Namely, there must be no heat flow only when the thermal gradient is the same as that expressed by equation (4). The above simple speculation on the ex istence of thermal gradient in the equilibrium state is not usually accepted. Although the above speculation is not rigorous in view of the kinetic gas theory, there seems no essential ob jection to the above point of view. The ex periment presented here aims to make clear the existence or nonexistence of thermal gradient in gases in the equilibrium state in the gravita tional field.
The molecules of gases in the centrifuge separation tube may be considered to be in the centrifugal force field. In this case, force g in equation (1) is replaced by w'r, where w is the angular velocity of the rotation of the centrifuge and r is the distance of the molecule from the center of rotation. Corresponding to equation
(3), the expected thermal gradient in the equi librium state along the radial direction of the rotation is, tube is not in equilibrium state, heat flow in the gas along radial rotation is,
where F is thermal flux (foul/cm'/sec) and K is thermal conductivity of the gas in the tube. At the beginning of rotation, the thermal gradient in the tube must be small and the expected heat flow is given by
The measurement of heat flow at the begin ning of a steady rotation of the centrifuge gives the heat flow through the gas of uniform tem perature under the centrifugal force. If the measured heat flow agrees with that calculated from equation (7), the above specultaion get a strong supprot. The temperature gradient given by equation (5) is in measurable order of magnitude when we use a conventional laboratory centrifuge for chemical use. However, it is difficult to ensure the absence of the factors other than the cen trifugal force which cause the thermal gradient in the centrifuge separation tube. Moreover, it is also very difficult to get evidence for the thermal equilibrium state, which may be ob tained only by the measurements of thermal steady state and/or by the measurements of zero heat flow within the system. When the gas in the centrifuge separation (5) ARRANGEMENT FOR MEASUREMENTS OF
HEAT FLOW IN A CENTRIFUGE SEPARATION TUBE
An electric motor and a rotor of a centrifuge for chemical use were installed in an iron vessel 70cm in diameter and 60cm in depth. In order to stabilize the temperature of the iron vessel, water in a thermostat circulated through 80m long polyvinyl tubing which was coiled around the iron vessel. The regulation of the rotation of the centrifuge and reading of the tachometer were done outside the vessel by a panel of the centrifuge apparatus (Kokusan, H-103, 50m1 X 4, 5000rpm max.).
Information about the temperature in the centrifuge separation tube was sent as light pulses from the center of rotation of the cen trifuge.
The light pulses were received in the iron vessel and outside the iron vessel they were converted to temperature and recorded by an electric circuit coupled with a microcomputer.
The whole arrangement of the system is shown in Fig. 1 As shown in Fig. 2 , the circuit in the iron casing selected one voltage between terminals A and C, A and D, or A and E by analog switch (MC14016) and the difference between this and the voltage between terminals A and B was amplified by low power operational amplifier (8012). The output voltage of the operational amplifier was converted to frequency by V-F converter (9400). A monostable multivibrator (MC14528) generated lpsec. square pulses with the converted frequency which were used for the light emission by the photodiode (TLT 101). The 6 second clock pulses generated by a timer (MC14541) drove the analog switch through the output of a Johnson counter (MC14022). At the time of switching, the multivibrator (MC14528) gave lOmsec. interruption of send ing pulses. This interruption was used to reset and start the counting of light pulses by the counting system outside the iron vessel. Circuit for light pulse generation. S=switch, closed by centrifugal force.
was converted to temperature using the data of calibration.
MEASUREMENTS OF HEAT FLOW
The temperature difference between two metal blocks which are inlaid into the plastics as shown in Fig. 3 is used as an indicator of the heat flow through the surfaces of metal blocks. The temperature of metal blocks was determined with a thermistor about 0.7mm in diameter coated with thin glass layer (Shibaura denshi, BE-41). The thermistor was fixed with epoxy resin in a hole 1.2mm in diameter and 1.5mm in depth.
The variation in the temperature of a metal block a" a,, and b, shown in Fig. 3 heat capacity of the metal block indicated by the suffix, To is initial temperature, S1 is sur face area of the metal block, and Fi is total heat flow (foul/sec) from the metal block to plastic matrix when they have a unit of tem perature difference. The variation in the temperature of a metal block b, inlaid as shown in Fig. 3 may be given by equation (9).
dtb2
Qb, [FSb2 (Tb, Tbl )Fb, ]. (9) In both equations (8) and (9), the heat flow from metal block to plastic matrix denoted by F; and Fb, might be nearly constant at the early stage of the variation in the temperature.
Assuming the constancy of F; and Fb" we obtain from equation (8) the temperature dif ference between two metal blocks in a plastic matrix of a type A shown by Fig. 3 For the device of type B shown in Fig. 3 , equa tions (8) and (9) give the difference in tem perature between two metal blocks by the following equation on the assumption Qb) Fb2> Qb2Fb1.
Tb2 Tbi = F [Sv2 (1 exp(-Fbzt/Qb2))1.
F b2 (11) Both temperature differences given by equa tions (10) and (11) are proportional to thermal flux F and converge to limit values on the order of time scale given by Q;/Fi (i = al, a2, b2).
With the experimental arrangement shown in Fig. 4 To measure the thermal flux within a gas in the centrifugal force field, a device shown in Fig. 3 was placed at the top of a gas container (near the center of rotation) and faced to a thick (15 mm) aluminum plate with a gap of 6mm. A gas container was filled with a gas to be mea sured. The thermal flux from the device to the aluminum thick plate through the gas was measured by observing the variations in tem perature of metal blocks at 4,500rpm of the centrifuge after confirming the constancy of temperature at the rotation speed of 1,000rpm. Observed temperature variations in metal blocks in a device of type A with filling gases of argon and hydrogen are shown in Fig. 6 . Remarkable coolings during the acceleration of rotation of the centrifuge appeared even when the gas con tainer was evacuated up to l0-'mmHg.
This initial cooling might have resulted from the adiabatic expansion of plastics by negative pres sure given by metal blocks affected by cen trifugal force. As shown in Fig. 6-1 , the initial abnormal cooling was restored in a few minutes after the start of high speed revolution of cen trifuge and the temperatures of two metal blocks became almost the same when there was no appreciable heat flow between the metal blocks and aluminum plate.
The variations in the temperature of metal blocks shown in Figs. 6-2, 6-3, and 6-4 are dif ferent from the case of vacuum shown in Fig.  6-1 , indicating the existence of thermal flow through gases from the metal blocks in the plastic matrix to the aluminum thick alate. An estimation of heat flow was made by the final difference in temperature between two metal blocks which correlates with the heat flow by equation (10) Gases in the separation tube; 1) 1 X 10-'mmHg, 2) Argon, 80mmHg, 3)Argon. 10mmHg, 4)Hydrogen, 10 mmHg. To minimize the cooling of metal blocks on accelerating the rotation, device B was com posed of small aluminum blocks in the poly styrene matrix. It was expected that high rigidity of polystyrene and small weight of metal blocks might reduce the initial cooling.
As shown in Fig. 7 , the variations in the tempera ture of two metal blocks showed almost no cooling during the acceleration of the rotation.
In order to prevent thermal disturbance on the aluminum block b, which has a heat capacity of only 5 X 10-2joul/deg, temperature was determined with the current through the thermistor being debuced to 1/5 of that in the original arrangement shown in Fig. 2 . The reduction of current for the measurements of resistance inevitably reduces the accuracy of temperature measurements as shown by ir regular fluctuations of measured temperatures in Fig. 7 . The accurate measurements of heat flow by this device need further investigation.
DISCUSSION AND CONCLUSION
There are several factors which may result temperature variation in the gas container during the rotation of the centrifuge. The power con sumption of the electric motor and the friction of outer wall of the gas container with the remaining gas in the iron vessel are main sources of heat generation during the rotation of the centrifuge. The temperature rise by these two factors was on the order of 1/1,000°C within 10 minutes operation of 4,500rpm running when the iron vessel was evacuated up to 1 X l0-'mmHg.
The effect of heat generation of motor was reduced by an aluminum plate inserted between the motor and rotor of the centrifuge, which is not shown in Fig. 1 .
We have almost no direct knowledge of the mass motion of the gas in the container. How ever, we can expect following two different thermal effects of the mass motion of the gas between two plates where the heat flow is in question; 1) heat generation by turbulence, 2) establishment of a thermal gradient in the gas by adiabatic expansion and compression con nected with convection or turbulence. The latter effect may give a thermal flux through the temperature difference between the surface of solid and the gas near the surface. The pre liminary measurements on the thermal status along the radial direction of the rotation in the gas container which were performed with three thermistors installed in three different positions between two thick metal plates in the gas con tainer showed no thermal gradient that can make appreciable heat flow by the second thermal effect mentioned above. Moreover, owing to the small heat capacity of gases at low pressure, the second effect may not have mea surable contribution to the heat flow measured in this work. 
